While the total number of organs transplanted in this country has increased over the years, there is still an ever-widening gap between the need for organs and our capacity to meet that need as the overall waiting list continues to grow. This is due in part to significant advances in transplant techniques and outcomes such that Americans with organ failure now seek transplants in greater numbers. Additionally, life-expectancy gains in the United States are creating an aging population who are more likely to suffer organ failure than younger Americans. The national transplant waiting list has continued to shift toward older candidates. The Scientific Registry of Transplant Recipients (SRTR) reported that at the end of 2007, 59.7% of all 97,248 candidates on the waiting list for all organs were 50 years old or older, and 14.9% were 65 years or older. These percentages are substantially higher than they were in 1998 (41.5 and 8.1%, respectively) \[[@CR1_98]\].

In the United States, there is no upper age limit above which patients can no longer receive a transplanted organ. Over the past 10 years, there has been a significant increase in the number of transplants performed on patients over 60 years of age. The annual number of recipients transplanted rose from 21,518 in 1998 to 28,345 in 2007, a 32% increase. In contrast, the number of patients over the age of 65 has more than doubled, from 1,470 (6.8% of total) to 3,498 (12.3% of total). According to this data, the only age groups demonstrating an annual increase in the number of recipients every year over the 10-year period were those aged 50--64 and those over 65 \[[@CR1_98]\].

Among solid organs transplanted in the United States, approximately 59% are kidney, 21% liver, 7% heart, and 5% lung \[[@CR1_98]\]. There are several aspects of transplanting elderly patients that deserve discussion, including ethical issues, differences in pretransplant evaluation, mechanisms of graft loss and death, and the degree and type of immunosuppressive therapy. This discussion focuses primarily on deceased-donor organ transplants into the elderly, since fewer live-donor transplants are performed in the aged (670 transplants in 2008). The kidney being the most ­frequently transplanted solid organ offers the most data in older patients and is therefore a primary focus of this chapter. No consensus exists as to what age defines "elderly" or "geriatric" within the transplant literature, and therefore, no attempt is made to offer such a definition; rather, the studies and data are examined with regard to the issues to be examined and the principles to be applied to older transplant candidates.

 {#Sec1}

SN is an 84-year-old African-American male who developed renal failure after undergoing a triple-vessel coronary artery bypass graft (CABG) following a myocardial infarction in 2004. He has a history of hypertension and has been stable on hemodialysis via an AV fistula. He has excellent exercise tolerance, a normal ejection fraction on cardiac catheterization, and was asymptomatic with regard to his coronary artery disease. He is fully functional and living independently since he retired from his job as a bus operator. He was placed on the waiting list for renal transplant in 2007. He received a zero mismatch offer from a 75-year-old deceased donor in August 2008. The donor was a 125 lb woman with no significant ­medical history who died from a cerebrovascular attack (CVA). Her serum creatinine was 0.7 mg/dL and postprocurement biopsy revealed minimal glomerulosclerosis. Both kidneys were pumped and then implanted ipsilaterally in a 4½-h operation. He exhibited good immediate function and mild troponin elevation, but no other complications. He received induction therapy with three doses of thymoglobulin (1.5 mg/kg/dose), Prograf, and steroids. He was discharged to home 5 days later with a creatinine of 2.0 mg/dL. No hospital readmissions occurred, and 1 year following transplantation, his creatinine level was 1.2 mg/dL. He is currently being maintained on Prograf 2 mg twice daily and prednisone 5 mg daily. He remains quite active working as a producer for a local radio station, and he travels extensively visiting family.

Kidney Transplantation {#Sec2}
======================

Older Americans are an increasingly important consumer of End Stage Renal Disease services in the United States. The U.S. Renal Data System (USRDS) collects and provides national demographic information about patients with kidney disease treated with either dialysis or transplantation. The average age of the dialysis patient continues to increase each year, with nearly half of patients undergoing regular dialysis now over 65 years of age, and the mean age of those beginning treatment is now greater than 60 years \[[@CR2_98]\]. There are currently 48,773 patients on the waiting list for a kidney, with 7,800 (16%) over the age of 65. In 2007, nearly 17,000 kidney transplants were performed in the United States, with 2,377 (14%) going to patients over the age of 65 \[[@CR1_98]\].

Kidney transplantation has been shown to improve quality of life and length of life compared with those remaining on dialysis \[[@CR3_98]\]. In one longitudinal study of mortality, investigators evaluated data collected over 6 years on 228,552 patients who were receiving dialysis as treatment for their end-stage renal disease. Of these, 46,164 were deemed healthy enough to be placed on the waiting list for transplantation, and 23,275 received a first deceased-donor kidney transplant. The mortality ratio for the patients on dialysis who were awaiting transplantation was 38--58% lower than that for all patients on dialysis (annual death rates of 6.3 and 16.1 per 100 patient-years, respectively). The long-term mortality rate was 48--82% lower among transplant recipients than patients on the waiting list (annual death rate 3.8 per 100 patient-years). Recipients over the age of 60 demonstrated significant benefit in mortality after transplantation, with annual death rates per 100 patient-years at risk for all patients on dialysis, patients on the waiting list, and transplant recipients being 23.2, 10, and 7.4, respectively. It is estimated that, among those over the age of 60, projected remaining years of life are approximately 6 and 10 years for those who remain on a waiting list or undergo renal ­transplant, respectively \[[@CR4_98]\]. Multiple studies over the past 10 years have confirmed that patients older than 60 years of age have longer life expectancy with ­deceased-donor kidney ­transplantation when compared to patients of the same age group on the waiting list. Post-kidney transplant recipients report a better quality of life, from mental well-being to physical functionality and social functioning. In addition, after adjusting for comorbidities, there is no significant difference in graft failure compared to younger patients \[[@CR5_98]--[@CR8_98]\]. As with all organ transplants, the risks and benefits must be carefully weighed, especially in the elderly. Will this organ improve the patients' overall survival and quality of life? Will an older patient be able to survive the operation, manage the medications, endure the potential side effects of immunosuppression, and have the social and financial support necessary to recover and maintain rigorous doctor appointments?

Current success in transplanting kidneys into older recipients has quieted misconceptions within medical communities and the general public, among them the erroneous belief that advanced age alone prevents a successful surgical outcome, that the elderly patient with ESRD has a very limited life expectancy, and thus cannot receive a transplant, and that older recipients have poor results based upon outdated information from the previous era of transplantation and immunosuppression. Older recipients, however, do have a higher risk of cardiovascular events, infection, and malignancy after kidney transplantation compared to younger patients \[[@CR9_98]\]. Also, they are more prone to drug side effects and toxicity \[[@CR10_98]\]. The absolute gain in survival provided by a donor kidney varies considerably depending on recipient factors, such as age and comorbid illnesses.

Although overall graft failure rates are not higher for elderly recipients, death with a functioning graft does occur more often which shortens the lifespan of the donated kidney (especially from a young donor) \[[@CR10_98]\]. Clearly, a younger recipient would more likely experience more years of allograft function with the same kidney. With ever-increasing organ shortages, the ethical dilemma of including age as a potential allocation factor has been raised. The argument pits the increased survival and quality of life for the older ­transplant recipient against the population gain in allograft ­survival by transplanting kidneys preferentially into younger recipients. What is the best way to deal with these competing allocation philosophies, namely, giving everyone an equal chance to receive an organ vs. getting the maximum benefit from each organ transplanted? In the U.S., the United Network for Organ Sharing (UNOS) provides regulatory oversight and balances these ethical principles in an effort to achieve socially acceptable allocation policy.

An alternate strategy to maximize the benefit of donor organs matches kidneys with lower expected graft survival time (principally older donors) to patients with lower expected longevity (principally older recipients). The current allocation of expanded criteria donor (ECD) kidneys attempts to do this. These kidneys are procured from donors older than 60 years of age or donors aged 50--59 years with at least two of the following conditions: cerebrovascular accident as cause of death, a history of hypertension, or a serum creatinine  \>  1.5 mg/dL \[[@CR11_98]\]. While ECD kidneys carry a relative risk of graft failure greater than 1.7 compared to a reference group of donors aged 10--39 years without any of the above three conditions, elderly recipients of ECD kidneys were found to have a survival benefit compared with waiting-list candidates (RR  =  0.75; 95% CI 0.65--0.86; *p*  \<  0.0001) \[[@CR8_98]\]. The benefits (shortening of waiting time) and risk (impaired long-term graft function) associated with the use of ECD kidneys should be addressed on an individual basis. As with all recipients, elderly patients do best with an ideal donor kidney; however, the ECD policy achieves a compromise that enhances the donor pool and provides good alternative to dialysis.

Another option for increasing the number of organs and decreasing the waiting period for renal transplantation is to perform a dual kidney transplant. Both kidneys from an older donor, which individually would be considered marginal or inadequate for transplantation, are transplanted into a single recipient. This expands the use of kidneys that otherwise would not be used. There is a misconception that dual kidney transplantation involves the transferring of an inferior organ; on the contrary, it is just a different type of organ transplant. For all kidneys being evaluated for donation, the creatinine clearance is calculated. If it is greater than 65 mL/min, each individual kidney may be transplanted into two different recipients. If it is below 40 mL/min both kidneys are usually deemed unsuitable for transplant. The area in between, 40 and 65 mL/min, constitutes the range to use two kidneys together to give recipients the function of one kidney. This allows for the transplantation of as much kidney function as, if not more than, a standard single transplant from a nonexpanded criteria donor. With careful selection, the amount of kidney function that is being transplanted with dual kidney is comparable to a ­single kidney transplant \[[@CR12_98]\].

Patient Selection {#Sec3}
-----------------

Prior to transplantation of any organs, the prospective ­recipient has to be carefully evaluated to detect and treat any coexisting illnesses that may affect patient and graft survival after transplantation. In the elderly, this is imperative for two reasons: graft loss in the elderly is related primarily to patient death, and the main causes of morbidity and mortality following transplantation are infection and cardiovascular disease \[[@CR13_98], [@CR14_98]\].

Regardless of the age of the recipient, a thorough medical, surgical, and psychosocial history needs to be obtained, along with a detailed physical examination. Careful examination of the abdomen for previous operations is important, as is the presence or absence of peripheral arterial pulses. Initial laboratory testing includes blood type, HLA typing and a panel reactive antibody assay to detect for previous sensitization, complete blood count (CBC), blood urea nitrogen, creatinine, electrolytes, calcium, phosphorous, albumin, liver function tests, prothrombin time, and partial thromboplastin time. Serologic studies for cytomegalovirus (CMV), hepatitis B and C viruses (HBV, HCV), human T cell leukemia virus (HTLV-1), and human immunodeficiency virus (HIV) are routine. One element of the evaluation process includes baseline age-appropriate screening tests. It is also important and appropriate to maintain a higher index of suspicion for malignancy in patients of this age group. In women, this consists of gynecologic examination and Papanicolaou smear, breast examination, and in those over the age of 40 without a family history of breast cancer in the premenopausal years, mammography. In men, testicular examination, prostate examination, and for those over age 50, prostate-specific antigen (PSA) assay should be performed. All patients over the age of 50 should undergo screening colonoscopy. A screening purified protein derivative (PPD) test may be used depending on the patient population and patient history. Radiologic studies include chest X-ray and electrocardiogram as routine and can include ultrasound or computed tomography (CT) scan of the abdomen to evaluate anatomy if indicated. Estimation of urine output preoperatively is important because it determines the significance of postoperative urine output and helps determine the need for any urologic evaluation. A history of claudication warrants a workup for peripheral vascular disease and may also point towards a higher chance of ischemic heart disease. The presence of strong femoral and peripheral pulses indicates that the pelvic vessels will likely be adequate for the transplant vascular anastomosis. Assessment of cardiac risk is critical in the evaluation process of elderly patients. Cardiovascular disorders, such as hypertension, coronary artery disease, congestive heart failure, and arrhythmias are common in elderly transplant recipients and account for most of the deaths in this population. Blood pressure, blood ­glucose, and cholesterol control is of particular concern because this patient population frequently have or develop these complications. The prevalence of ischemic heart disease is very high in patients with end-stage renal disease, and almost half of the deaths that occur during the first 30 days posttransplant are due to ischemic heart disease \[[@CR15_98]\]. The current guidelines from the American Society of Transplantation recommend assessing ischemic heart disease risk factors in any patient with a prior history, men over the age of 45 or women over the age of 55 years, cardiac disease in a first-degree relative, current cigarette smoking, diabetes, hypertension, fasting total cholesterol  \>  200 mg/dL, high-density lipoprotein cholesterol \< 35 mg/dL, and left ventricular hypertrophy. Any patient at high risk, including those with renal disease from diabetes, prior history of ischemic heart disease, or more than two of the above risk factors, should undergo an echocardiogram and cardiac stress test. Angiography with possible revascularization, if indicated, should be performed prior to any transplantation. Asymptomatic patients can also undergo noninvasive tests first that may help determine the risk for posttransplant complications, in the form of chemical stress echocardiography or scintography \[[@CR15_98]\].

Based on an initial evaluation, the 2005 Canadian Society for Transplantation Guidelines suggested that the following patients with coronary heart disease may be eligible for kidney transplantation: asymptomatic low-risk patients; asymptomatic patients in whom noninvasive testing is negative; patients on appropriate medical therapy with angiographic results showing noncritical disease; and those patients in whom successful interventions have been performed \[[@CR16_98]\].

Currently, there is no strong evidence to suggest a benefit to the routine screening of asymptomatic renal transplant candidates for cerebrovascular disease. Risk factors for posttransplant cerebrovascular disease include a history of prior disease, age, smoking, diabetes, hypertension, and hyperlipidemia \[[@CR15_98]\]. Patients who have already suffered from a cerebrovascular event and have significant deficits may be poor operative candidates due to their poor operative risk and rehabilitative potential. Patients with recent transient ischemic attacks need to be adequately evaluated by a neurologist.

Pulmonary risks associated with surgery for transplantation include infection, fluid overload, and ventilator dependency. Pretransplant evaluation of elderly patients with respiratory disease should be consistent with that for the general population who undergo a preoperative pulmonary assessment \[[@CR17_98]\]. The 2005 Canadian Transplant guidelines suggest that patients should not be considered candidates for kidney transplantation if they require home oxygen therapy, have uncontrolled asthma, severe cor pulmonale, or severe COPD, pulmonary fibrosis, or restrictive disease. The latter is defined by FEV1  \<  25% predictive value, room air pO~2~  \<  60 mmHg with exercise desaturation SaO~2~  \<  90%, or more than four lower respiratory tract infections in the last 12 months \[[@CR16_98]\].

The transplant candidate must be free of all active infections before transplantation could be considered. Whenever possible, all treatable infections should be dealt with appropriately. Chronic infection precludes transplantation and the subsequent use of immunosuppressive therapy. Infectious complications occur frequently in the transplanted patient, with pneumonia being one of the most common infections seen in elderly hospitalized patients. As such, elderly patients must be immunized against influenza and pneumococcus.

Not too long ago, most centers considered patients who tested positive for HIV inappropriate for transplantation secondary to immunosuppressant-induced opportunistic infection and the suspected short life span. With the advancement in antiretroviral therapy, more centers now are willing to transplant patients who are HIV positive, but the general recommendation is to evaluate on a case-by-case basis.

Patients with a malignancy prior to receiving an organ may still be a suitable candidate for transplantation depending on the tumor type, stage, and response to therapy. The concern is that malignancies are common after transplantation, possibly due to immunosuppression favoring the growth of malignant cells and/or viral infection. This part is addressed in a later section on postoperative issues. While it has been reported that patients with ESRD on dialysis have a higher rate of cancer compared to the general population, this relative risk has been shown to be higher in younger patients \[[@CR18_98]\]. Most patients previously treated for cancer benefit from a waiting period prior to renal transplantation to decrease the risk of recurrence. Depending on tumor characteristics, recommendations range from no wait time to 5 years. No waiting time is required for basal cell carcinoma of the skin, in situ cancer of the bladder or cervix. A 2-year waiting time is proposed for lymphoma, leukemia, cancers of the prostate, lung, breast (early stage), testicle, thyroid, uterine body, bladder, Wilm's tumor, renal cell carcinoma (\<5 cm), or Kaposi's or other sarcoma. Patients with localized, successfully treated carcinoma of the uterine cervix may benefit from waiting 2 years, and in some cases 5 years, prior to transplantation. A 5-year waiting time is recommended for colorectal, invasive breast, and renal cell carcinoma (\>5 cm), and malignant melanoma \[[@CR15_98], [@CR16_98], [@CR19_98]\].

While some contraindications to kidney transplantation are absolute, many are relative and determined by individual centers. Absolute contraindications to receiving a renal transplant include: recent or metastatic malignancy; active substance abuse; severe extrarenal disease with life expectancy of less than 1 year; untreated current infection; psychiatric or other illness impairing adherence to regimen. Relative contraindications include: morbid obesity; active heavy tobacco use; acute coronary or cerebrovascular event; HIV infection if untreated or poorly monitored \[[@CR13_98], [@CR15_98]\].

The actual surgery for transplanting a kidney is the same for the elderly patients as for any adult, with the caveat that careful attention must be paid to fluid maintenance and monitoring in the elderly, depending on the cardiac and pulmonary history. The standard incision for adult kidney transplantation is an oblique incision from the symphysis in the midline, curving in a lateral and superior direction to the iliac crest. The donor renal artery and vein are anastomosed to the recipient external iliac artery and vein, respectively, and the donor ureter anastomosed to the recipient bladder. The kidney is placed in the iliac fossa where it is easily accessible if an ultrasound, biopsy, or other intervention is required.

Immunosuppression and Prophylaxis {#Sec4}
---------------------------------

While the benefit of renal transplantation in the elderly has already been established, there is a paucity of data evaluating the safety and efficacy of immunosuppression regimens. Most centers use traditional principles and their transplant protocols with modifications when considering the factors unique to the elderly. Analysis of registry data suggests that while the risk of acute rejection decreases with age, the impact of rejection on long-term graft function in this elderly population is greater when compared to younger groups. It is of no surprise that posttransplant mortality is greater in the elderly; however, censoring graft survival data for patient death demonstrates no significant difference between outcome in older and younger patients \[[@CR5_98], [@CR6_98], [@CR20_98], [@CR21_98]\].

The goal of an immunosuppression protocol should be to maintain a level necessary for a reduced risk of infection without increasing the risk for rejection. The elderly have less immunocompetence, and the therapy has to be adjusted in the elderly transplant recipient. This may result in a decreased likelihood of immunologic rejection but increased risk of infection. Immunosuppressive therapy also has to be adjusted to account for the different pharmacokinetics and altered effects of drugs in the elderly. The aging process results in physiological changes that affect drug absorption, distribution, and metabolism. In addition, due to the many comorbid conditions in the elderly, they often take many medications which may have drug--drug interactions with immunosuppressive medications \[[@CR22_98]\].

There are currently no prospective multicenter trials that specifically evaluate immunosuppressive medication protocols in the elderly in a randomized fashion. Most of the time, the elderly are excluded from trials. As such, most of the data is from single-center, observational studies or retrospective database analyses \[[@CR23_98]\]. Any approach should be based on the risks of acute rejection, infections, malignancy, and comorbid conditions.

There is no set immunosuppression protocol that has been universally accepted in the elderly or any patient population. Although acute rejection decreases with recipient age, chronic allograft nephropathy seems to increase with age, and this phenomenon is further confounded by increased death from infectious disease and drug-related causes. This has led to some protocols that support less-intensive immunosuppressive drug therapy in elderly recipients \[[@CR24_98]\].

Current treatments consist of triple therapy with corticosteroids, a calcineurin inhibitor (cyclosporine or tacrolimus), and an antimetabolite, but these regimens may be replaced by substitution or addition of newer antiproliferative agents. Treatment with mycophenolate mofetil (MMF), which inhibits purine synthesis, has been found to result in a longer time to the first episode of acute rejection but had significantly greater rates of opportunistic infection and graft loss and mortality \[[@CR25_98]\]. One study comparing MMF to azathioprine evaluated over 5,000 patients over the age of 65 and showed improved patient and graft survival with lower rates of late acute rejection with MMF. The most prescribed immunosuppressive protocol is a combination of MMF with calcineurin inhibitor, and there appears to be no contraindication to use this protocol in the elderly \[[@CR26_98], [@CR27_98]\].

An alternative or supplement to standard triple therapy is the use of augmented immunosuppression with antilymphocyte antibodies, commonly termed "induction immunotherapy." These cytolytic agents have been found to reduce the risk of early rejection but tend to increase the risk of infection. Induction therapy in the form of Atgam® (equine antithymocyte globulin) or OKT3® (muromonab-CD3) was the mainstay but now has been largely replaced by the use of Thymoglobulin® (rabbit anti-lymphocyte globulin) or monoclonal antibody therapy directed against the IL-2 receptor -- Zenapax® (daclizumab) or Simulect® (basiliximab) \[[@CR1_98]\].

In addition to the immunosuppression and steroids making the elderly more susceptible to infection, fractures, weight gain, and other side effects, they are at a 30% higher risk of developing new-onset diabetes posttransplant per decade of life \[[@CR28_98]\]. This has led to a movement in recent years for the avoidance or early withdrawal of calcineurin inhibitors and/or corticosteroids. Multiple studies demonstrated appropriate patient and graft survival, as well as excellent graft function, after using induction agents and minimizing the use of calcineurin inhibitor \[[@CR29_98]--[@CR31_98]\].

Considering the elderly's increased risk for adverse affects and infection, and the limited prospective data available, any protocol must consider that decreasing the risk of acute rejection may augment the morbid consequences of rejection. As such, protocols are currently tailored based on donor type and immunologic status of the elderly recipient. The low-risk recipient of a kidney from a young donor may be a candidate for rapid steroid withdrawal or steroid minimization strategies due to the lower risk of rejection and increased risk of steroid-induced adverse effects. The low-risk recipient of a kidney from an older donor may have an enhanced risk of chronic allograft nephropathy and nephrotoxicity from the calcineurin inhibitors, so it may be appropriate to use a calcineurin inhibitor minimization strategy. As already mentioned, interleukin-2 receptor antibodies or antilymphocyte antibodies may be used as induction agents with a calcineurin inhibitor, with the interleukin-2 receptor antibody showing a superior safety profile. Minimizing immunosuppression is not appropriate in an elderly patient with high immunologic risk, so a regimen consisting of antibody induction, corticosteroids, calcineurin inhibitors, and/or MMF is more reasonable \[[@CR23_98]\].

Since there is potential for severe consequences with acute graft rejection in the elderly, a biopsy should be performed in all unexplained cases of allograft dysfunction. Treatment should be based on histologic findings, whenever possible, with empiric steroid use for treatment of presumed acute rejection used sparingly due to the increased risk of adverse events in the elderly.

Patient and Graft Outcomes {#Sec5}
--------------------------

Renal allograft and patient survival in the elderly transplant recipient are currently excellent, when looked at as a group and compared to younger recipients. Patient survival at 1, 5, and 10 years ranges from 80 to 90, 70, and 50%, respectively \[[@CR1_98], [@CR5_98], [@CR6_98], [@CR32_98]\]. This is based in part on the type of allograft. Based on the 2008 SRTR analyzing transplants from 1998 to 2007, 3-month, 1-, and 5-year patient survival rates for those 65 years of age and older receiving a renal transplant are: 98, 96, and 78% for recipients of living-donor kidney transplants, respectively; 96, 92, and 66% for recipients of deceased-donor nonextended criteria donor kidneys, respectively; and 95, 87, and 58% for recipients of deceased-donor extended criteria donor kidneys, respectively \[[@CR1_98]\].

Graft survival has increased in parallel, averaging 85% at 1 year and 70% at 5 years \[[@CR5_98], [@CR6_98]\]. Allograft survival at 3 months, 1, and 5 years for those 65 years of age or older are: 97, 94, and 74% for recipients of living-donor kidney transplants, respectively (Fig. [98.1](#Fig1){ref-type="fig"}); 94, 88, and 59% for recipients of deceased-donor nonextended criteria donor kidneys, respectively; and 90, 81, and 48% for recipients of deceased-donor extended criteria donor kidneys, respectively (Fig. [98.2](#Fig2){ref-type="fig"}) \[[@CR1_98]\].Figure 98.1Adjusted graph survival, living-donor kidney transplants, data from 1998 to 2007; 2008 SRTR Annual Report. Figure 98.2Adjusted graph survival, deceased-donor kidney transplants, data from 1998 to 2007; 2008 SRTR Annual Report.

Patient death with a functioning graft accounts for the majority of reported "graft loss" in the elderly patients. Nearly 50% of graft loss is due to death in the elderly recipient compared to 15% in the younger recipient. Acute rejection is reported to occur less often in elderly recipients, but there is an increased risk of chronic allograft nephropathy, especially if the allograft is from the older donor \[[@CR33_98]\].

The predominant causes of death in elderly transplant recipients are cardiovascular disease and infection. Most infectious episodes occur in the first 6 months posttransplant, likely due to the degree of immunosuppression. The risks of overimmunosuppression and cardiovascular disease are related to the natural effects of aging and factors having to do with end-stage renal disease. Overimmunosuppression will increase infectious complications in all patients, regardless of age. However, the elderly are less immunocompetent, leading them to be more susceptible to infection at lower levels of immunosuppressive therapy. Most likely to contribute to this are high-dose corticosteroids and antilymphocyte antibodies at induction. Other causes of death in the elderly recipient include malignancy and gastrointestinal hemorrhage. Death due to malignancy has been reported to increase disproportionately with time after transplantation in the elderly recipient \[[@CR22_98]\]. Despite the mortality risks, there is still a better life expectancy and quality of life afforded by kidney transplantation compared to dialysis. With careful selection and responsible follow-up, advanced age alone is not a contraindication to successful transplantation. Age should not be the primary determinant of donor allocation; rather, the focus should be on baseline comorbidity or functional status \[[@CR10_98]\].

Liver Transplantation {#Sec6}
=====================

End-stage liver disease (ESLD) results from many etiologies and eventually leads to complications including bleeding, ascites, infection, renal failure, fluid and electrolyte disturbances, hepatic encephalopathy, hepatocellular carcinoma, and eventually, liver failure. Currently, the only definitive treatment for patients with ESLD is liver transplantation. There were 6,223 deceased-donor liver transplants performed in the U.S. in 2007, of which 619 (9.9%) were in patients 65 years or older. 3,445 (55%) deceased-donor liver transplants were allocated for recipients between the ages of 50--64. There were 266 living-related liver transplants, of which only 27 were for older recipients. Of the approximately 16,500 patients on the waiting list for liver transplant, 1,450 (11.6%) are over the age of 65. This is a dramatic increase from the 4,424 liver transplants in 1998, with only 322 (7.3%) going to patients over the age of 65. As is seen with other organs, far fewer livers are available than patients who need them \[[@CR1_98]\].

Indications {#Sec7}
-----------

The most common diagnoses in elderly patients waiting for liver transplantation are cirrhosis, alcoholic liver disease, hepatitis, primary biliary cirrhosis, and hepatocellular carcinoma. Elderly patients should only be considered for transplantation if they are thought to be capable of surviving the perioperative period and complying with the intense chronic medical regimen and follow-up \[[@CR34_98]\].

Older patients are frequently seen as higher risk recipients due to their comorbidities and increased mortality to both hepatic and nonhepatic causes \[[@CR35_98]\]. Liver transplantation in patients over the age of 55 was discouraged as recently as 20 years ago. However, since that time, there have been many studies demonstrating success in patients over the age of 60, encouraging more centers to list and operate on older patients \[[@CR36_98]--[@CR41_98]\]. More recent data suggest that patients over the age of 70 may successfully undergo liver transplantation; however, it has to be at a less-severe level of disease to have a good outcome \[[@CR42_98]\].

Most contraindications for liver transplantation relate to comorbid conditions. Relative contraindications include alcohol or illicit drug use in past 6 months in a patient with a history of abuse, severe extrahepatic disease, adverse psychosocial factors, anatomic difficulties resulting from previous abdominal trauma or surgery, and age. Absolute contraindications generally include uncontrolled infection or sepsis, extrahepatic malignancy, advanced hepatic malignancy, and irreversible brain injury \[[@CR39_98], [@CR43_98]\]. HIV infection had ­previously been considered to be an absolute ­contraindication for liver transplantation. However, with the significant improvements with antiretroviral therapy and improved monitoring methods, it is no longer a sufficient reason to refuse surgery. While some centers may still list it as a relative contraindication, many will no longer restrict recipients as long as attention is paid to the comorbid conditions.

Criteria for Transplantation {#Sec8}
----------------------------

For more than 30 years, the Child--Pugh classification system was used to predict morbidity and mortality in patients with liver disease. While useful in stratifying patients for transplantation, it does not provide an adequate method of prioritizing patients on the liver transplant waiting list \[[@CR44_98]\]. As a result, organ allocation in adults is now based on the Model for End-Stage Liver Disease (MELD), which is a logarithmic transformation of the recipient's bilirubin level, creatinine level, and international normalized ratio (INR) into a mathematical model. It allows for an objective assessment of need for transplantation and short-term prognosis while waiting for a transplant. It does not, however, necessarily correlate with posttransplant survival \[[@CR45_98]\].

Preoperative assessment of all liver transplant candidates includes abdominal ultrasound, thoracic and abdominal computed tomography, and upper gastrointestinal endoscopy in addition to routine blood studies. Patients older than 50 years must undergo screening colonoscopy, and in male patients older than 55 years, the serum prostate-specific antigen concentration must be studied with digital rectal examination. In female patients, cervical and breast cancer screening must be done as indicated before listing.

Age-related morbidity is one of the main causes of mortality after liver transplantation.

Older patients have to be evaluated by specialists in the field of cardiology and pulmonary disease \[[@CR46_98]\]. The cardiovascular workup for patients over the age of 60 years includes a routine history and physical examination, EKG, and two-dimensional echocardiography. A history of coronary artery disease (CAD) or symptoms of exceptional angina are clear indications for performing cardiac catheterization prior to transplantation. A negative stress test is not sufficient to exclude cardiac disease in patients with clinical history strongly suggestive of CAD. In this situation, the clinician may elect to proceed directly to cardiac catheterization \[[@CR47_98]\]. Doppler studies of the carotid, vertebral, and peripheral limb arteries are performed on these patients if clinically warranted. Revascularization strategy must be performed prior to listing for liver transplantation if there is extensive coronary heart disease \[[@CR38_98]\]. Diabetes mellitus may be the most important risk factor for the presence of CAD in patients with liver disease and must be assessed and managed ­appropriately in the perioperative setting \[[@CR44_98], [@CR48_98]\]. Older patients with end-stage liver disease, particularly those with cholestatic liver disease, are also at risk for osteopenia or osteoporosis. Postoperative corticosteroid therapy will also contribute to bone loss, increasing the risk of sustaining compression fractures. For all elderly patients, determination of vitamin D serum levels and baseline bone densitometry is encouraged \[[@CR44_98]\]. Any patient over the age of 60 with a history of encephalopathy, seizures, or ischemic event should have an MRI of the brain prior to being listed. Older patients also have to be routinely screened for malignancy. Patients waiting for liver transplants need to be evaluated for hepatocellular carcinoma (HCC) in particular, as well as for colon, skin, prostate, and breast neoplasms.

For liver transplant recipients, the pretransplant status has been found to be associated with survival, and this is seen more in elderly patients. In a retrospective review of 1,446 liver transplant recipients, of which 241 were over the age of 60, the elderly patients were found to be especially at risk for lower survival if they had a bilirubin level of 10 mg/dL or greater, an albumin level of less than 3 g/dL, a markedly prolonged (\>20 s) prothrombin time, or generalized poor nutrition. The authors recommended forgoing transplantation in a patient over the age of 60 who is an inpatient in the hospital or in the intensive care unit with any of the above values \[[@CR49_98]\].

Immunosuppression {#Sec9}
-----------------

The immunosuppression protocol and dose of immunosuppressive drugs do not drastically differ between older and younger liver transplant patients \[[@CR43_98]\]. Immunosuppressive strategies vary from center to center in the selection of specific agents, the number of agents, and the duration of use of each agent. The combinations used have evolved to predominantly tacrolimus, mycophenolate mofetil/mycophenolic acid, and steroids. Triple drug therapy remains the predominant drug regimen; however, many centers are attempting to minimize or eliminate long-term steroid use. The key is to tailor the regimen to the patient to best prevent cellular rejection, have no associated morbidity with respect to opportunistic infections, have no nephrotoxicity, and preclude the development of infection, which continues to be a leading cause of death in the year after transplantation.

Results {#Sec10}
-------

Although there are some studies reporting that the long-term survival of patients older than 60 years was lower than younger recipients \[[@CR50_98]--[@CR53_98]\], most studies report similar \[[@CR38_98], [@CR54_98], [@CR55_98]\] or even better \[[@CR43_98], [@CR56_98]\] survival in recipients older than 60 years old.

One study evaluating the survival rates of elderly liver transplant recipients found that the short-term survival of the elderly is comparable to those younger adults, but the longer survival was not encouraging. The long-term survival was significantly lower in elderly recipients, with a 5-year patient survival of 52% in the elderly group and 75% in the younger patients (  *p*  \<  0.05). The study period was divided into two eras; 1984--1991 and 1992--1997. In both eras, recipient survival in those older than 60 years was significantly lower than younger recipients, lending support to the idea that older recipients are not good candidates for liver transplantation \[[@CR50_98]\].

A different study showing better survival rates in elderly patients looked at 240 liver transplant recipients, of which 23 were over the age of 60. They reported 87.5 and 83.3% 1- and 3-year patient survival in the elderly, respectively, compared to 77.8 and 73.5% in the younger group. Graft survival rates at 1 and 3 years were found to be 79.2 and 75% in the older group and 76.5 and 71% in the younger group, respectively. Neither set of data showed any statistical significance \[[@CR52_98]\].

Some studies divided older recipients into two groups to show the effect of age more clearly: recipients between 60 and 65 years of age and those older than 65 years. One study reported that the patient survival in the older than 65 years of age group was 99%, 82 and 73% in 3 days, 1, and 5 years, respectively \[[@CR38_98]\].

A different study found a lower survival rate in patients older than 65 years than in patients between 60 and 65 years, although there was no statistical significance. Overall, patients older than 60 years had lower survival rates than younger patients, which could possibly be explained since that group had a higher rate of HCC as the reason for transplantation \[[@CR47_98]\].

Similar results can be found in smaller studies for recipients over the age of 70. One study found a 58% 3-year survival in 33 patients, while another has 1- and 3-year survival rates of 78.8 and 71.4%, respectively \[[@CR39_98], [@CR53_98]\]. Data is limited in this age group, but transplantation in septuagenarians is definitely feasible if the patient is otherwise healthy.

There are few studies looking at the survival in older patients after a living-donor liver transplant (LDLT), and the results have been mixed. Some investigators reported that recipient age had an influence on allograft failure \[[@CR48_98]\], while others found that older recipient age and prolonged cold ischemia time increased the risk of graft failure \[[@CR49_98]\]. One of the larger studies investigated the impact of age in living-donor liver transplantation by following recipients over 60 years of age over a 10-year period. They found the following parameters as risk factors influencing survival rate in patients after LDLT: MELD score equal to or greater than 25; Child's classification C; preoperative status of the recipient being in an intensive care unit; and blood type incompatibility. Recipient age of 60 years of age or older had no influence on the survival. 1-, 3-, and 5-year survival of the recipients older than 60 years were 81.9, 78.7, and 78.7%, respectively. Interestingly, their results in older patients were better than in younger patients (1-, 3-, and 5-year survivals in patients younger than 60 years is 75, 70.8, and 69.3%, respectively). A possible explanation for this better survival is that the selection criteria of older recipients were more stringent. The MELD score for older group recipients was significantly lower, and high-risk older patients were not considered for LDLT as a treatment option for their advanced liver disease in that study \[[@CR43_98]\].

It is evident that after 5 years, survival of patients aged 65 years and older begins to diminish \[[@CR38_98]\]. The 10-year survival of recipients older than 60 years was found to be 48%, which is significantly lower than the 72% survival rate of recipients younger than 60 \[[@CR47_98], [@CR57_98]\]. One study evaluated 91 transplant recipients over the age of 60 over a 13-year span and reported a 10-year patient survival of 35% in the elderly group and 60% in the younger patients (  *p*  \<  0.05). The most common cause of late mortality in elderly liver recipients was malignancy (35%), whereas most of the young adult deaths were the result of infectious complications (24%) \[[@CR50_98]\].

Based on the 2008 SRTR analyzing transplants from 1998 to 2007, 3-month, 1-, 5-, and 10-year patient survival rates for those 65 years of age and older receiving a liver transplant are 91, 81, 64, and 42% for recipients of deceased-donor liver transplants, respectively and 93, 85, 71, and 54% for recipients of living-donor livers, respectively. Allograft survival at 3 months, 1-, 5-, and 10-years for those 65 years of age or older are 94, 84, 68, and 53% for recipients of living-donor livers, respectively (Fig. [98.3](#Fig3){ref-type="fig"}) and 89, 78, 61, and 40% for recipients of deceased-donor liver transplants, respectively (Fig. [98.4](#Fig4){ref-type="fig"}). The results at all intervals were comparable to those of younger age groups \[[@CR1_98]\].Figure 98.3Adjusted graph survival, living-donor liver transplants, data from 1998 to 2007; 2008 SRTR Annual Report. Figure 98.4Adjusted graph survival, deceased-donor liver transplants, data from 1998 to 2007; 2008 SRTR Annual Report.

When evaluating a patient's risk for rejection after liver transplant, younger age has been found to be an independent risk factor \[[@CR58_98]\]. Older patients usually have a lower incidence of episodes and severity of graft rejection, possibly a result of immune senescence \[[@CR46_98], [@CR51_98], [@CR59_98]\]. One study noted that liver recipients over the age of 65 tended to have lower rates of rejection, although there was no statistical significance \[[@CR38_98]\]. Some centers have reported no difference in episodes of acute rejection among older or younger recipients \[[@CR56_98], [@CR60_98]\].

Most studies report no statistical differences in the incidence of complications in terms of hospitalization, infection (surgical or opportunistic), repeat operation, readmission, or repeat transplant between the patients older or younger than 60 years \[[@CR56_98]\]. Older patients are more prone to having higher incidence of osteoporosis, nontraumatic bone fractures, coronary artery disease, and malignancy after liver transplantation, with skin cancer being the most common \[[@CR43_98], [@CR47_98]\].

The most prevalent cause of death in recipients older than 60 years is malignancy (both recurrent and de novo) and sepsis \[[@CR38_98], [@CR43_98], [@CR47_98]\]. In one study, investigators reported that seven of ten recipients died secondary to sepsis in the early phase after LDLT within 3 months. In patients younger than 65 years of age, most causes of death are related to cardiovascular (myocardial infarction, congestive heart failure, cerebrovascular accident, intracranial hemorrhage) and sepsis. A possible explanation for not having the cardiac problems as a leading cause of death in older patients may be that the older recipients are more rigorously assessed for comorbidities that could be detrimental to outcome.

Well-selected patients over the age 60 or 65 have a ­comparable survival after liver transplantation to younger recipients at 1-, 3-, and 5-years posttransplant. Advances in surgical technique, improved intensive care, and standardized immunosuppressive therapy all contribute to the good survival results. Unfortunately, long-term results have not been as promising, possibly explained by older patients having fewer years of life remaining. Nonetheless, this should not preclude liver transplantation in elderly patients deemed strong and otherwise healthy enough to undergo the procedure \[[@CR38_98]\].

Heart Transplantation {#Sec11}
=====================

Chronic heart failure remains one of the most common diseases affecting the population. With increases in life expectancy and improvements in medical care, more elderly patients are being seen by cardiologists and cardiac surgeons for end-stage heart failure. Cardiac transplantation is the treatment of choice for many patients with end-stage heart failure who remain symptomatic despite optimal medical therapy. The 2007 report from the Registry of the International Society for Heart and Lung Transplantation (ISHLT) estimated that slightly more than 5,000 heart transplants are performed annually worldwide \[[@CR61_98]\]. The SRTR estimates that anywhere from 2,000 to 2,400 heart transplants were performed in the United States yearly over the past decade, with 2,207 transplanted in 2007. Of this, 44--52% of the recipients are 50--64 years of age, and 8--11% are 65 years of age or older. The most recent data list 1,408 active patients on the waiting list, with 168 (12%) being over the age of 65. The median time to transplant in this elderly group is 103 days \[[@CR1_98]\].

Older patients have been excluded from consideration for heart transplantation in the past, typically due to the supposed adverse effect of increased age on long-term survival and the shortage of donor organs. However, advances in posttransplant care have improved outcomes in older patients, and several centers have demonstrated results comparable to younger patients. The criteria regarding the recipient's older age limit continue to be expanded, and older patients are increasingly being considered as potential heart transplant candidates \[[@CR62_98]--[@CR65_98]\].

Indications {#Sec12}
-----------

Over the past decade, there has been a significant decrease in mortality in patients with advanced heart failure treated aggressively with medical and device therapy, leading to a reassessment of the role of cardiac transplantation \[[@CR66_98], [@CR67_98]\]. The ideal heart transplant candidate is a person with end-stage heart disease for whom conventional therapy is not likely to provide acceptable symptomatic benefit or satisfactorily improve life expectancy. The Clinical Practice Committee of the American Society of Transplantation published recommendations in 2001 for considering heart transplantation in patients with cardiac conditions that have not responded to maximal medical management \[[@CR13_98]\]. Although severe heart failure refractory to medical therapy is the most common indication for transplantation, other circumstances warranting transplant include severely limiting ischemia not amenable to interventional or surgical revascularization, recurrent symptomatic ventricular tachyarrhythmia refractory to medical therapy, an implantable cardioverter-defibrillator (ICD), or surgery and rarely, for the management of cardiac tumors. Nonischemic cardiomyopathy accounts for approximately 45% of cases, and coronary artery disease accounts for about 38% of cases. Nonischemic conditions include systolic heart failure, defined by left ventricular ­ejection fraction  \<  35% (Ischemic and dilated ­cardiomyopathy, ­valvular heart disease, and hypertensive heart disease); intractable arrhythmia uncontrolled with implantable cardioverter-­defibrillator; and hypertrophic cardiomyopathy with persistent heart failure despite valve replacement, pacemaker, or medical therapy.

There are a few absolute contraindications to cardiac transplantation. Fixed pulmonary hypertension or any systemic illness that will limit survival despite heart transplant, such as high-grade neoplasm, AIDS, multisystem or active systemic lupus erythematosus or sarcoid preclude transplantation. HIV infection has been considered to be an absolute contraindication to transplant, primarily due to concerns about the increased frequency of infectious and malignant complications and the previously poor survival of such patients. The prognosis of HIV has changed since the advent of highly active antiretroviral therapy (HAART), and guidelines are being amended so that HIV infection itself is not a sufficient reason to refuse heart transplantation \[[@CR68_98]\]. Age greater than 70 years was an absolute contraindication in previous guidelines, but the ISHLT has recently modified their recommendations in 2006 to state that "carefully selected patients  \>  70 years of age may be considered for cardiac transplantation. For centers considering these patients, the use of an alternate-type program (i.e., use of older donors) may be pursued." \[[@CR63_98]\] The guidelines regarding neoplasm were also modified, with new consideration being given to tumors with low recurrence rate, response to therapy, and negative metastatic workup.

Criteria for Transplantation {#Sec13}
----------------------------

In general, the most objective assessment of functional capacity in patients with heart failure, and what may be the best predictor of when to list a patient for transplantation, is measurement of peak oxygen consumption (VO~2~max). This can be measured using exercise testing with ventilatory gas analysis. Several studies have demonstrated that peak VO~2~ independently predicted mortality, which is highest for patients with values \<10 mL/kg/min, and significantly improved if between 10 and 15 mL/kg/min \[[@CR69_98]--[@CR71_98]\].

Although peak VO~2~ is an important factor used to guide the selection of heart transplant candidates, it does not provide an optimal risk profile. One model that has been validated prospectively is the Heart Failure Survival Score (HFSS), derived from a multivariable analysis of 268 patients referred for consideration of cardiac transplantation form 1986--1993 at one institution and validated in 199 similar patients from 1993 to 1995 at another institution. It incorporated noninvasive parameters, including the following seven variables and their pathophysiological constructs: presence or absence of coronary artery disease (myocardial ischemia), resting heart rate (activation of sympathetic nervous system), left ventricular ejection fraction (the degree of systolic dysfunction), mean arterial blood pressure, presence or absence of intraventricular conduction defect on baseline ECG (the extent of myocardial fibrosis), serum sodium (the degree of activation of the renin--angiotensin system), and peak VO~2~ \[[@CR72_98]\].

The Seattle Heart Failure Model is another model that, in contrast to the HFSS, incorporated the impact of newer heart failure therapies on survival, including ICDs (implantable cardioverter-defibrillators) and CRT (cardiac resynchronization therapy) \[[@CR73_98]\].

Immunosuppression {#Sec14}
-----------------

As with other organs, there is no general consensus regarding a preferred immunosuppressive protocol in this age group. Treatment with mycophenolate mofetil/mycophenolic acid, a purine analog, has been shown to reduce the rate of rejection and improve survival, but it did have a higher incidence of nonfatal, opportunistic infections as compared with azathioprine therapy \[[@CR74_98]\]. The two most common regimens in 1997, which was used for 75% of transplant recipients, consisted of cyclosporine with mycophenolate mofetil/mycophenolic acid or another antimetabolite and steroids. Over the years, these combinations have evolved to be predominantly tacrolimus, mycophenolate mofetil/mycophenolic acid, and steroids (49% of transplant recipients), and to a lesser extent cyclosporine, mycophenolate mofetil/mycophenolic acid, and steroids (29% of transplant recipients). At 1-year posttransplantation, triple drug therapy remains the predominant drug regimen \[[@CR1_98]\].

The ideal immunosuppressive regimen will prevent cellular rejection, have no associated morbidity with respect to opportunistic infections, have no nephrotoxicity, and preclude the development of coronary allograft vasculopathy, which affects 50% of patients at 5 years. This immunosuppressive therapy used to prevent rejection predisposes patients to infection, which continues to be the leading cause of death in the year after cardiac transplantation \[[@CR58_98]\].

A notable trend over the past 10 years has been the declining number of recipients who needed treatment for rejection episodes in the first year after heart transplantation, decreasing from 36% in 1996 to 25% in 2005. This could reflect the improved efficacy of newer immunosuppression medication and regimens, as well as earlier recognition and prompt ­treatment \[[@CR1_98]\].

Results {#Sec15}
-------

Multiple studies have demonstrated comparable survival rates in elderly cardiac transplant recipients compared to younger recipients \[[@CR59_98]--[@CR62_98], [@CR75_98]--[@CR78_98]\]. Included in this is a multi-institutional study of the UNOS database where it was found that there was a satisfactory but lower 5-year survival between elderly (\>60 years) and young (18--59 years) recipients (69% vs. 75%, respectively). The elderly group, however, had more infections, renal failure, and longer postoperative length of stay and were at increased risk of malignancy \[[@CR62_98]\]. One ­retrospective study showed no ­statistically significant difference in 1- and 4-year survival (1-year survival: 93.3% vs. 88.3%; 4-year survival: 73.5% vs. 69.1%), length of intensive-care unit stay, incidence of rejection, and incidence of cytomegalovirus infection between patients over the age of 70 and younger patients \[[@CR59_98]\]. A 10-year follow-up of cardiac transplant recipients \>65 years of age (*n*  =  66) demonstrated survival rates comparable to those of younger patients (\<60 years: *n*  =  679; 60--64 years: *n*  =  137) \[[@CR60_98]\].

The adjusted graft survival for recipients over the age of 65 at 3 months (90%), 1 year (85%), 5 years (66%), and 10 years (44%) were all found to be comparable within a few percentage points to various younger age groups (Fig. [98.5](#Fig5){ref-type="fig"}) \[[@CR1_98]\].Figure 98.5Adjusted graph survival, deceased-donor heart transplants, data from 1998 to 2007; 2008 SRTR Annual Report.

The increased risk of renal failure has been consistent in various studies over the years and may be attributed to the already known preexisting renal disease in elderly, as suggested by elevated preoperative creatinine. Another consideration is the nephrotoxic effects of immunosuppression. Tailoring therapy for the elderly may be beneficial, and some data support minimizing the use of calcineurin inhibitors and azathioprine in exchange for using mycophenolate mofetil and mammalian target of rapamycin inhibitors (mTOR inhibitors, sirolimus) \[[@CR79_98]\].

Transplant patients have been the subject of extensive investigation into the increased risk of malignancy, especially in the elderly. Increased age has been independently associated with increased risk of malignancy in nontransplanted controls, and heart transplant recipients have been shown to have a 7.1-fold increase in incidence of malignancy \[[@CR80_98]\]. Among all solid-organ transplant recipients, skin ­cancer is the most common malignancy. Heart and/or lung ­transplant recipients have a 26.2-, 21-, and 9.3-fold increased risk of developing lymphoproliferative disorders, head and neck cancer, and lung cancer, respectively. Malignancy does not necessarily shorten survival in older recipients, but one may surmise that it does affect quality of life \[[@CR75_98]\].

The demand for heart transplantations is unlikely to ever be fully met, and more resources are needed to slow down the progression of heart failure and prevent the need for transplant surgery in the first place. As ventricular assist device technology improves, it may be used to complement heart transplantation to avoid immunosuppression and its side effect of malignancy in older patients with advanced heart failure.

Lung Transplantation {#Sec16}
====================

Lung transplantation should be considered for patients with advanced lung disease whose clinical status has progressively worsened despite optimal medical or surgical therapy.

One thousand four hundred sixty-five lung transplants from deceased donors were performed in the United States in 2007, increased from 840 in 1998 and 941 in 2000. Of these, 223 were for recipients over the age of 65, representing 15% of all lung transplant recipients and dramatically increased from 30 (3.6%) in 1998 and 30 (3.2%) in 2000. The percentage of patients 50--64 years of age receiving lung transplants has not changed substantially over the past few years, with 54% of deceased-donor lungs going to these patients in 2007, up slightly from 48% in 1997. The most recent data list 1,005 active patients on the waiting list, with 91 (9%) being over the age of 65. The median time to transplant in this elderly group is 57 days. Donor lung shortage has been the major limiting factor to the number of lung transplants performed. The procurement rate of lung from deceased donors has consistently been lower than those for kidney, liver, and heart. While kidneys and livers are harvested from more than 85% of all cadaveric donors, and hearts from 30% of deceased donors, lungs are harvested from only 15% of all cadaveric donors \[[@CR1_98]\]. This discrepancy may be attributed to the lung's vulnerability to potential complications that arise before and after donor death such as aspiration, pneumonia, ventilator-associated lung injury, and neurogenic pulmonary edema. Over the past several years, the number of single lung transplants performed annually in the United States has remained stable, while the number of bilateral transplants has consistently increased and even surpassed the number of single lung procedures \[[@CR81_98]\].

The most common indications for lung transplantation, accounting for 85% of procedures worldwide, are advanced chronic obstructive pulmonary disease (COPD), idiopathic pulmonary fibrosis, cystic fibrosis, emphysema due to alpha-1 antitrypsin deficiency, and idiopathic pulmonary arterial hypertension. Survival benefit has been demonstrated for both single and double lung transplants in patients with cystic fibrosis, pulmonary fibrosis, and primary pulmonary hypertension. There have been less convincing and reproducible results regarding the benefit of transplantation in patients with emphysema or Eisenmenger's syndrome \[[@CR82_98], [@CR83_98]\].

Absolute contraindications for lung transplantation include malignancy within the last 2 years (excluding cutaneous squamous and basal cell tumors); significant chest wall ­deformity; noncurable chronic extrapulmonary infection (active Hepatitis B,C, HIV); untreatable advanced dysfunction of another major organ (e.g., heart, liver, kidney); known noncompliance or inability to follow medical regimen, especially if related to an untreatable psychiatric or psychological condition; absence of a consistent or reliable social support system; and substance addiction within the last 6 months \[[@CR84_98]\]. Coronary artery disease not amenable to percutaneous intervention or bypass grafting, or associated with significant impairment of left ventricular function, is an absolute contraindication to lung transplantation, but heart--lung transplantation could be considered in highly selected cases.

Relative contraindications to lung transplantation include: Age older than 65 years; critical or unstable clinical condition; severely limited functional status with poor rehabilitation potential; colonization with highly resistant or virulent bacteria, fungi, or mycobacteria; severe obesity (Body Mass Index exceeding 30 kg/m^2^); severe or symptomatic osteoporosis; and poorly controlled or managed medical conditions (diabetes mellitus, systemic hypertension) \[[@CR81_98]\].

Immunosuppression {#Sec17}
-----------------

As with other organ transplantation, induction therapy has become a major part of the immunosuppression regimen with lung transplantation. Induction therapy was used in the first 5--7 days after transplantation for 57% of all lung transplants performed in 2006, up from only 22% of lung transplants in 1997. Among the most common were antilymphocyte antibodies (antithymocite globulin or OKT3) or monoclonal IL-2 receptor antagonists (basiliximab or daclizumab). Baseline therapy prior to discharge at most centers included corticosteroids, calcineurin inhibitor (tacrolimus 83%, cyclosporine), and an antimetabolite (azathioprine 39% or mycophenolate mofetil 52%). Maintenance immunosuppression administered for the first year following transplantation was essentially the same. Steroids are typically tapered to a low dosage or even discontinued in some protocols. Acute rejection within the first year was treated most commonly with corticosteroids, used in 95% of acute rejection cases \[[@CR85_98], [@CR86_98]\].

Despite the multitude of medications available, no drug has been found to be consistently superior in delaying rejection or bronchiolitis obliterans or in prolonging long-term survival. Protocols vary widely between lung transplant centers

Results {#Sec18}
-------

The adjusted graft survival for recipients over the age of 65 at 3 months (92%), 1 year (79%), 5 years (42%), and 10 years (13%) are all comparable within a few percentage points to various younger age groups (Fig. [98.6](#Fig6){ref-type="fig"}) \[[@CR1_98]\]. The average death rate in the first year after transplantation decreased steadily from 290 per 1,000 patient-years at risk in 1997 to 169 deaths per 1,000 patient-years at risk in 2004, a 10-year low. According to the 2007 ISHLT Registry report, the median survival for all adult recipients is 5 years, but bilateral lung recipients have a better median survival than single lung recipients (5.9 vs. 4.4 years, respectively) \[[@CR78_98]\]. It is not delineated if this survival advantage is related to the underlying patient characteristics or choice of operation. The impact of underlying diagnosis on survival after lung transplantation has often been linked to age, with older recipients having a significantly shorter survival than younger ones. Recipients with COPD have the best 1-year survival, but a lower 10-year survival when compared to those with cystic fibrosis and alpha-1 antitrypsin deficiency. In contrast, patients with idiopathic pulmonary arterial hypertension have the lowest 1-year survival, but their 10-year survival approaches those with cystic fibrosis and alpha-1 antitrypsin deficiency \[[@CR87_98]\].Figure 98.6Adjusted graph survival, deceased-donor lung transplants, data from 1998 to 2007; 2008 SRTR Annual Report.

This data is significantly different when evaluating patients over the age of 70. An analysis of UNOS data of lung transplants from 1999 to 2006 showed that patients 70 years and older had substantially increased risks of 30-, 90-day, and 1-year mortality when compared to younger groups. The authors' recommendation was that lung ­transplantation may be used with caution in older patients over the age of 60, but should not be performed in patients older than age 70 \[[@CR88_98]\].

Management strategies have been more effective at reducing early complications than later ones, which may be due to refinements in surgical technique and postoperative care. However, beyond the first year of transplantation, survival is mostly affected by infections and chronic rejection, and the incidence of these complications has not changed substantially since 1988 \[[@CR84_98]\].

The leading cause of death in the first 30 days after lung transplantation is graft failure, a form of Acute Respiratory Distress Syndrome (ARDS), accounting for almost 30% of deaths \[[@CR78_98]\]. The leading cause of mortality after the first year, typically accounting for 40% of deaths, is chronic allograft rejection (e.g., chronic graft dysfunction), which usually manifests as bronchiolitis obliterans syndrome (BOS) \[[@CR89_98]\]. Survival 3 years after the onset of BOS is only 50% and drops to 30--40% at 5 years \[[@CR90_98]\].

Infectious complications remain a leading cause of rejection and death at any point after lung transplantation, in any age group. It has been attributable to up to 35% of deaths in the first year and 20% of deaths thereafter. Bacterial bronchitis and pneumonia are most common, but cytomegalovirus, mycobacteria, fungi, and community-acquired respiratory viruses all contribute to morbidity and mortality \[[@CR84_98], [@CR87_98]\].

Malignancy accounts for 7--10% of deaths beyond the first year after lung transplantation. Nonmelanoma skin cancer is most common overall, but posttransplant lymphoproliferative disease (PTLD) is the most common malignancy in the first year after transplant \[[@CR78_98]\]. Other malignancies include colon, breast, Kaposi's sarcoma, and transitional cell carcinoma of the bladder \[[@CR91_98]\].

Combined Organ Transplantation {#Sec19}
==============================

Often times, there are patients with multiple organ failure that may benefit from dual organ transplantation. Examples include kidney--pancreas and heart--lung. While there has been success with these combined organ transplantations over the years, its use has been limited in the elderly population. From 1998 to 2007, there were a total of 14 kidney--pancreas transplants in patients over the age of 65, while none were reported for heart--lung for a patient over the age of 65 \[[@CR1_98]\]. As with individual organs, the overall risk--benefit of the surgery needs to be weighed, considering the overall health of the patient and potential survival benefits of transplantation. While age is often considered a significant factor in determining candidacy, it should not be the limiting factor.

Conclusion {#Sec20}
==========

The elderly population is on the rise in this country, and older patients comprise the fastest growing segment of the population. This trend is mirrored in the transplantation population. The discipline of organ transplantation has grown remarkably over the last half-century and has evolved from infrequent, highly dangerous procedures with very high mortality to complex operations performed regularly across the country and world. Data from centers across the country clearly indicate that patients over the age of 65 can undergo kidney, liver, heart, or lung transplantation with excellent results (Fig. [98.7](#Fig7){ref-type="fig"}). The limiting factor, however, is the shortage of organs and excess of patients on the waiting list; which raises many ethical and social concerns regarding transplanting healthy organs into older patients who may not have as much of a survival benefit as a younger patient. Although the allocation of organs according to age may be a simple approach to satisfying the goal of social justice, the inclusion of patient comorbidity and potential for survival benefit in the elderly must also be considered.Figure 98.7Graph survival at 1 year, all organs. Data from 1998 to 2007; 2008 SRTR Annual Report.

Kidney and liver transplantation has been successfully performed and results substantiated in patients over the age of 70. The results depend on the selectivity used to identify those elderly candidates on the waiting list for transplant. Cardiac and lung transplants have shown some promising results in patients over the age of 65, but not over the age of 70. It is important to note that with cardiac and lung transplantation, there is a slight discrepancy with the proportion of elderly patients on the waiting list and with overall survival rates. This is likely due to patient selection more than the overall results. This patient population is a highly selective group of elderly patients with cardiac and lung disease, who are often not placed on the waiting list until they worsen clinically. All things being equal, discrimination against older candidates for organ transplantation on age-related grounds alone is not warranted. Despite potential utilitarian gains to be made limiting transplantation in the elderly ­recipients, the sense of fairness in the system will be harmed. Elderly patients who are healthy will be the ones who suffer. Older patients already face huge hurdles to get on the waiting list for transplantation, and they are already such a small number. There already is enough discrimination against the elderly, and we ought not to add to that injustice by further limiting their access.
